Introduction
Social isolation induces depressive-like behavior in animals and humans by impacting RNA editing, but the detailed mechanisms are still unknown. The purpose of this study was to explore how an ADAR1 (RNA-editing enzyme) inducer and inhibitor may impact the isolation-induced depressive-like behavior of mice and to identify new therapeutic targets for the development of an effective solution for the recovery from depressive-like behavior in socially isolated animals and humans.
Methods
Twenty-one-day-old BALB/c mice with and without isolation treatment were evaluated for depressive-like behavior by open-field tests, tail suspension tests, and forced swimming tests. Immunohistochemistry and Western blots were used to measure the immunoreactivity and protein expression of ADAR1 (p110). In addition, the isolated mice were treated with an ADAR1 inducer (IFN-γ) or inhibitor (EHNA). The performance of both treatments on the behavior of and ADAR1 (p110) expression in isolated mice was examined.
Results
Both the immunoreactivity and protein expression of ADAR1 (p110) in the prefrontal cortex decreased in isolated BALB/c mice with depressive-like behavior compared to those of the age-matched, gregarious BALB/c mice. Additionally, the treatments with ADAR1 inducer or inhibitor improved or aggravated depressive-like behavior in isolated mice, respectively.
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38
Both the immunoreactivity and protein expression of ADAR1 (p110) in the prefrontal cortex 39 decreased in isolated BALB/c mice with depressive-like behavior compared to those of the age-40 matched, gregarious BALB/c mice. Additionally, the treatments with ADAR1 inducer or 41 inhibitor improved or aggravated depressive-like behavior in isolated mice, respectively. 42 Furthermore, the ADAR1 inducer returned the immunoreactivity and protein expression of 43 ADAR1 (p110) back to the normal level. 101 animals in the new environment. The box of the open field was 50 cm×50 cm×40 cm. The inner 102 wall was black, and the bottom surface was divided into 25 lattices (10 cm×10 cm). The 103 analysis system number started from left to right and from top to bottom. Numbers 7, 8, 9, 12, 104 13, 14, 17, 18 and 19 were in the central region, and the remaining numbers were in the 105 peripheral area; number 13 was in the middle region. The light was approximately 40 lx. The 106 background noise of laboratories was below 65 dB. During the experiment, the tail of the mouse 107 was pinched and placed in the number 13 lattice. The behavioral analysis system began to take 108 videos and automatically recorded the activity of the experimental mice for 5 min. The time the 109 mice stayed in the central region and the total distance of the movement were analyzed. After 110 each experiment, 75% alcohol was used to wipe the box to avoid disturbance by odor or excreta. 113 The tail suspension test was used to evaluate the despair state of the mice. The mouse in tail 114 suspension attempts to escape but is unable; then, the mouse abandons the struggle and exhibits 115 an immobile state. Animal immobility time was recorded to reflect the depression state. The tail 116 of the mice was suspended with the head 5 cm from the table. The mice struggled upside down, 117 and after a period of time, stopped struggling because of "despair" and appeared discontinuous 118 inactivity. Video footage was recorded for 6 min. The mice displayed passive suspension with 119 limb immobility. The immobility time in 4 min was analyzed by the double blind method. 122 The forced swimming test is also used to evaluate the desperate state of mice. The mice were 123 forced to swim in a transparent glass container with warm water kept at 22 ± 1C. Each mouse 124 was tested separately, and the swimming tests were arranged in each group in a random order to 125 ensure that the test time of each group was unbiased. The video data were recorded for 6 min, 126 and the total time of drift time and absolute immobility time in 4 min of video were analyzed 127 with a double blind method.
129 Immunohistochemistry
130 After anesthesia, the mice were perfused with 1% and 4% paraformaldehyde. Then, the brains 131 were incubated in 4% paraformaldehyde and phosphate-buffered saline (PBS) with 20% 132 sucrose at 4°C overnight. Sixteen-micrometer thick slices were cut by a microtome-cryostat. 133 After that, the prefrontal cortex slices were rinsed with PBS and then incubated in 1% bovine 134 serum albumin. Afterwards, ADAR1-Ab (p110) (1:100, Proteintech, USA) was put on the slices 135 at 4°C overnight. Then, the slices were washed with PBS, and the avidin-biotin complex was 136 put on the slices at room temperature for 2 h. Diaminobenzidine (DAB) was used to detect the 137 positive signals of ADAR1 (p110). Negative control slices were incubated with PBS only. 138 Image analysis was used for the quantification of the results (n=5/group).
139
140 Western blot analysis 141 An extraction kit (Keygen Biotech, China) was used to extract the protein of the prefrontal 142 cortex. A BCA protein assay kit (Keygen Biotech, China) was used to measure the protein 143 concentration. The denatured proteins (30 mg per sample) were loaded onto 7.5% sodium 144 dodecyl sulfate-polyacrylamide (SDS) gels. Afterwards, the proteins were transferred to 145 polyvinyl difluoride (PVDF) membranes and blocked for 1 h with 5% bovine serum albumin. 146 After that, the membrane with the proteins was immunoblotted with the primary antibody 147 ADAR1-Ab (1:1000, Proteintech, USA). After washing the membranes with Tris-buffered 148 saline containing Tween 20 (TBST), horseradish peroxidase-labeled secondary antibody (anti-149 goat 1:5,000; ZSJQ-BIO Company, China) was incubated for 2 h at room temperature in a dark 150 room. BIO-RAD (Hercules, USA) gel analysis software was used to measure the infrared band 151 signals. Then, stripping buffer was used to strip the membranes. Subsequently, the membranes 152 were washed in TBST and probed with GADPH-Ab (1:1,000, Beyotime Company, China). 153 After washing with TBST, horseradish peroxidase-labeled secondary antibody (anti-mouse, 154 1:5,000; ZSJQ-BIO Company, China) was incubated with the membranes. ADAR1 (p110) 155 protein was normalized to the internal control GADPH (n=5/group).
157 Statistical Analyses
158 GraphPad Prism 5.0 (San Diego, CA, USA) and IBM SPSS Statistics 21.0 (Aramonk, NY, USA) 159 were used for statistical analyses in this study. All data expressed as the means±SD were 160 analyzed by using Tukey's post hoc test. A t-test was used to analyze the variance for the 161 groups with and without isolation, as well as the groups with and without drug treatment. Two-162 way ANOVA was used to determine whether there was an interaction between social isolation 163 and drug treatment (two independent variables) on depressive-like behavior and ADAR1 164 expression (dependent variable) among mice. The results of behavior analyses, 165 immunohistochemistry, and Western blot were analyzed by using Tukey's post hoc test. The 166 data for ADAR1 inducer (IFN-γ) and inhibitor (EHNA) treatments were obtained from two 167 separate analyses. The results were considered statistically significant at p-value <0.05 168 (n=10/group in behavior tests, n=5/group in immunohistochemistry staining and Western blot 169 analysis).
274 the normal state of ADAR1 expression. Based on our findings and the literature, there is 275 evidence that ADAR1 expression in the prefrontal cortex is involved in the pathogenesis and 276 recovery mechanism of isolation-induced depressive-like behavior. 277 It is possible that social isolation can aggravate the nonhomeostatic function of ADAR1 (p110), 278 which can cause abnormal expression of the target gene under both dependent and independent 279 editing mechanisms, leading to depressive-like behavior in the animals. Moreover, the ADAR1 280 inducer, 5-HT2cR antagonist and inverse agonist , and resocialization 281 are effective in relieving the negative impact of social isolation on 282 ADAR1 expression, bringing animals' behavior back to normal (Fig. 7) . In the future, we will 283 further focus on the mechanisms and metabolic pathways of the ADAR1 regulator and conduct 284 in-depth research downstream of the target gene of ADAR1 to reveal the mechanism related to 285 social isolation stress, which leads to abnormal behavior of humans and experimental animals, 286 to provide a theoretical basis for the prevention and treatment of stress caused by abnormal 287 behavior or mental illness. The possible mechanism on ADAR1 inducer recovering the depressive-like behavior induced by social isolation
